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METHOD AND STRUCTURE FOR
IMPLANTING BONDED SUBSTRATES FOR
ELECTRICAL CONDUCTIVITY

CROSS-REFERENCES RO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application 60/630,800 filed Nov. 24, 2004, commonly

assigned, and of which 1s hereby incorporated by reference
tor all purposes.

BACKGROUND OF THE

INVENTION

The present mvention relates to the manufacture of sub-
strates. More particularly, the invention provides a technique
including a method and device for forming a conductive
region between bonded substrates using an implanting tech-
nique for the manufacture of semiconductor integrated cir-
cuits, for example. But it will be recognized that the invention
has a wider range of applicability; it can also be applied to
other substrates for multi-layered integrated circuit devices,
three-dimensional packaging of integrated semiconductor
devices, photonic devices, piezoelectronic devices, micro-
clectromechanical systems (“MEMS”), sensors, actuators,
solar cells, flat panel displays (e.g., LCD, AMLCD), biologi-
cal and biomedical devices, and the like.

Integrated circuits are fabricated on chips of semiconduc-
tor material. These integrated circuits often contain thou-
sands, or even millions, of transistors and other devices. In
particular, 1t 1s desirable to put as many transistors as possible
within a given area of semiconductor because more transis-
tors typically provide greater functionality, and a smaller chip
means more chips per water and lower costs.

Some 1ntegrated circuits are fabricated on a slice or wafer,
of single-crystal (1.e., monocrystalline) silicon, commonly
termed a “bulk™ silicon wafer. Devices on such a “bulk”
silicon water typically are 1solated from each other. A variety
of techniques have been proposed or used to 1solate these
devices from each other on the bulk silicon wafer, such as a
local oxidation of silicon (“LOCOS”) process, trench 1sola-
tion, and others. These techmques, however, are not free from
limitations. For example, conventional isolation techniques
consume a considerable amount of valuable water surface
area on the chip, and often generate a non-planar surface as an
artifact of the 1solation process. Either or both of these con-
siderations generally limit the degree of integration achiev-
able 1n a given chip. Additionally, trench 1solation often
requires a process of reactive 1on etching, which 1s extremely
time consuming and can be difficult to achieve accurately.
Bulk silicon waters, which are greater than 200 millimeters,
are not free from defects and can reduce overall devices yields
and the like.

An approach to achieving very-large scale integration
(“VLSI”) or ultra-large scale mtegration (“ULSI) uses epi-
taxial silicon watfers, which are commonly known as “epi-
walers.” Ep1-walers often have a layer of high quality single
crystalline silicon material defined overlying a face of a bulk
substrate. The high quality silicon layer provides a good site
tor fabricating devices, often with higher yields, than conven-
tional bulk silicon water materials. The high quality silicon
material 1s often deposited by way of epitaxial silicon process
reactors made by companies called Applied Matenals, Inc. of

Santa Clara, Calif. or ASM of Phoenix, Ariz.

Epitaxial waters offer other advantages over bulk silicon
technologies as well. For example, epitaxial waters have
almost perfect crystalline characteristics, which enhance
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device speed, functionality, and reliability. Additionally, the
epitaxial waters often provide higher device yields, than con-
ventional bulk wafers. Many problems, however, than have
already been solved regarding fabricating devices on bulk
s1licon waters remain to be solved for fabricating devices on
epitaxial silicon waters. Epitaxial silicon wafers are made by
way of epitaxial reactors, which are often expensive to pur-
chase and difficult to maintain. The process of forming epi-
taxial silicon 1s also slow and time consuming. Accordingly,
resulting epitaxial silicon walers can often be expensive and
cannot be used for the manufacture of many commercial or
commodity devices such as dynamic random access memory
devices (1.e., DRAMSs), for example.

Another approach to achieving large scale integration often
uses bonding substrates made of silicon bearing materials.
Such bonding walers are often made using layer transfer
techniques, such as those described 1n U.S. Pat. No. 6,013,
563, (“Henley, et al.”) commonly assigned to Silicon Genesis
Corporation of San Jose, Calif. and hereby incorporated by
reference for all purposes. Henley, et al. relates to a controlled
cleaving process for manufacturing multilayered substrates.
Such bonded substrates include silicon on insulator, com-
monly called SOI, and others. Although there has been much
improvement 1n manufacturing substrate, there are still cer-
tain limitations that should be overcome. These limitations
have been described throughout the present specification and
more particularly below.

From the above, 1t 1s seen that an improved technique for
manufacturing a multi-layered wafer 1s highly desirable.

BRIEF SUMMARY OF THE INVENTION

According to the present invention, techniques for the
manufacture of substrates are provided. More particularly,
the invention provides a technique including a method and
device for forming a conductive region between bonded sub-
strates using an implanting technique for the manufacture of
semiconductor integrated circuits, for example. But 1t will be
recognized that the invention has a wider range of applicabil-
ity; 1t can also be applied to other substrates for multi-layered
integrated circuit devices, three-dimensional packaging of
integrated semiconductor devices, photonic devices, piezo-
clectronic  devices, microelectromechanical  systems
(“MEMS”), sensors, actuators, solar cells, flat panel displays

(e.g., LCD, AMLCD), biological and biomedical devices,
and the like.

In a specific embodiment, the present invention provides a
process for forming multi-layered substrates, e.g., silicon on
silicon. The process includes providing a first substrate,
which has a thickness of material to be removed. In a specific
embodiment, the thickness of material can be about 8000
Angstroms or greater. The thickness of material to be
removed includes a first face region. The process includes
joming the first face region of the first substrate to a second
face region of a second substrate to form an interface region
between the first face region of the first substrate and the
second face region of the second substrate. Preferably, the
joining occurs using a bonding process with an insulating or
like layer according to a specific embodiment. Alternatively,
the interface region can be free of an insulating material, but
have a resistive characteristic according to a specific embodi-
ment. The process includes removing the thickness of mate-
rial from the first substrate while maintaining attachment of
the first face region of the first substrate to the second face
region of the second substrate. Preferably, the thickness of
material 1s removed using a layer transier process or like
process. The process implants particles through the interface
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region to form a region of the particles within the vicinity of
the interface region to electrically couple the thickness of
material to the second substrate. In a preferred embodiment,
the particles are conductive or can also have other character-
istics that facilitates electrical contact or coupling between
the first face region and the second face region according to a
specific embodiment.

In an alternative specific embodiment, the present mven-
tion provides a process for forming multi-layered substrates,
¢.g., silicon on silicon. The process includes providing a first
substrate, which has a thickness of material to be removed.
Preferably, the thickness ol material to be removed comprises
a first face region. The process includes joining the first face
region of the first substrate to a second face region of a second
substrate to form an interface region between the first face
region of the first substrate and the second face region of the
second substrate. Preferably, a bonding process using an insu-
lating layer joins the substrates together according to a spe-
cific embodiment. Alternatively, the interface region can be
free of an 1nsulating material, but have a resistive character-
istic according to a specific embodiment. The process
removes the thickness of material from the first substrate
while maintaining attachment of the first face region of the
first substrate to the second face region of the second sub-
strate. Preferably, the thickness of material 1s removed using
a layer transter or like process. The process forms a plurality
of openings in a spatial manner through the interface region
between the first face region of the first substrate and the
second face region of the second substrate. The process also
f1lls one or more of the openings with a conductive maternial to

clectrically couple the thickness of material to the second
substrate.

In yet an alternative specific embodiment, the present
invention provides a multi-layered substrate, e.g., silicon on
s1licon. The substrate has a thickness of material from a first
substrate. The thickness of material comprises a first face
region. The substrate has a second substrate having a second
face region. Preferably, the first face region of the thickness of
material 1s joined to the second face region of the second
substrate. The substrate has an interface region formed
between the first face region of the thickness of material and
the second face region of the second substrate. The substrate
also has a plurality of particles implanted within a portion of
the interface region to electrically couple a portion of the
thickness of material to a portion of the second substrate.

Many benefits are achieved by way of the present invention
over conventional techniques. For example, the present tech-
nique provides an easy to use process that relies upon con-
ventional technology. In some embodiments, the method pro-
vides higher device yields. Additionally, the method provides
a process that 1s compatible with conventional process tech-
nology without substantial modifications to conventional
equipment and processes. Preferably, the invention provides
for an 1improved process integration for advanced integrated
circuit devices. Additionally, the process provides a multilay-
ered substrate structure that includes electrical coupling
between the first and second substrates. In a specific embodi-
ment, the present method and structure can also reduce bond
voids at the interface region between the two substrate mem-
bers. The reduction of bond voids can occur by attaching one
or more implanted particles to H/H2 atoms, which have been
derived from a prior hydrogen treatment process as an
example, that may be present at the interface region and may
have contributed to formation of such voids at the interface
region. Depending upon the embodiment, one or more of
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these benefits may be achieved. These and other benefits will
be described 1n more throughout the present specification and
more particularly below.

Various additional objects, features and advantages of the
present mvention can be more fully appreciated with refer-

ence to the detailed description and accompanying drawings
that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified diagram illustrating a method for
forming a multilayered substrate structure according to an
embodiment of the present invention;

FIG. 2 1s a simplified plot of resistance against implant
depth for a multilayered substrate according to an embodi-
ment of the present invention;

FIG. 3 1s a simplified diagram of a multilayered substrate
structure according to an alternative embodiment of the
present invention; and

FIGS. 4 through 6 are simplified diagrams illustrating an
alternative method for forming a multilayer substrate struc-
ture according to an alternative embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, techniques for the
manufacture of substrates are provided. More particularly,
the invention provides a technique including a method and
device for forming a conductive region between bonded sub-
strates using an implanting technique for the manufacture of
semiconductor integrated circuits, for example. But 1t will be
recognized that the invention has a wider range of applicabil-
ity; it can also be applied to other substrates for multi-layered
integrated circuit devices, three -dimensional packaging of
integrated semiconductor devices, photonic devices, piezo-
clectronic  devices, microelectromechanical systems

(“MEMS”), sensors, actuators, solar cells, flat panel displays
(e.g., LCD, AMLCD), biological and biomedical devices,

and the like.

A method for manufacturing bonded substrates according
to an embodiment of the present invention may be outlined as
follows:

1. Provide a first substrate, which has a thickness of mate-
rial to be removed;

2. Join a first face region of the first substrate to a second
face region of a second substrate;

3. Form an interface region between the first face region of
the first substrate and the second face region of the second
substrate;

4. Remove the thickness of material from the first substrate
while maintaining attachment of the first face region of the
first substrate to the second face region of the second sub-
strate;

5. Implant particles through the interface region to form a
region of the particles within the vicinity of the interface
region to electrically couple the thickness of matenal to the
second substrate;

6. Treat the bonded substrate structure;

7. Form 1ntegrated circuit device structures on the thick-
ness of material; and

8. Pertform other steps, as desired.

The above sequence of steps provides a method for manu-
facturing substrates according to an embodiment of the
present mnvention. As shown, the method uses a combination
of steps including a way of forming a conductive layer
between bonded substrate regions using an implanting tech-
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nique. Of course, other alternatives can also be provided
where steps are added, one or more steps are removed, or one
or more steps are provided in a different sequence without
departing from the scope of the claims herein. Further details
of the present method can be found throughout the present
specification and more particularly below.

FI1G. 11s a simplified diagram 100 1llustrating a method for
forming a multilayered substrate structure according to an
embodiment of the present invention. This diagram 1s merely
an example, which should not unduly limit the scope of the
claims herein. One of ordinary skill 1n the art would recognize
many variations, modifications, and alternatives. In a specific
embodiment, the present mvention provides a process for
forming multi-layered substrates, e.g., silicon on silicon, ger-
manium on silicon, Group I1I/V matenials on substrate struc-
tures. The process includes providing a first substrate, which
has a thickness of material 105 to be removed. The thickness
of material to be removed 1ncludes a first face region. In a
specific embodiment, the thickness of material may be sili-
con, germanium, Group I1I/V matenals, and others. Depend-
ing upon the embodiment, a silicon substrate structure has a
major crystallographic plane in the {100} plane, {110} plane,
or {111} plane.

The process includes joining the first face region of the first
substrate to a second face region of a second substrate 101.
Depending upon the embodiment, the second substrate can be
made of a variety of materials such as those of the first
substrate, as well as others. In a specific embodiment, the
second substrate 1s a silicon material that has a major crys-
tallographic plane in the {100} plane, {110} plane, or {111}
plane. Preferably, joining occurs using a bonding process that
may include a cleaning process and/or plasma activation pro-
cess to facilitate bonding at lower temperatures. The cleaning
process includes plasma activated cleaning and/or other pro-
cessing techniques. An example of such a technique can be
found 1n U.S. Pat. No. 6,645,828, which 1s commonly
assigned to Silicon Genesis Corporation, and hereby incor-
porated by reference herein. In a preferred embodiment, the
joimng process forms an interface region 107 between the
first face region of the first substrate and the second face
region of the second substrate. In a specific embodiment, the
interface region can include an msulating material such as an
oxide or silicon dioxide according to a specific embodiment.
Other types of interfaces such as glue layers, metal layers, and
the like can also be used depending upon the embodiment.
Using an oxide isulating layer and silicon substrates, silicon
on 1nsulator structures can be formed according to a specific
embodiment. The process includes removing the thickness of
material from the first substrate while maintaining attachment
of the first face region of the first substrate to the second face
region of the second substrate. In a preferred embodiment, the
method for forming the bonded substrate structure 1s what 1s
know as a “layer transfer’” process, such as those described in
Henley, et al., above, others commonly called Smart-Cut™
by Soitec, SA of France, any combination of these, and the
like. Of course, one of ordinary skill 1n the art would recog-
nize other variations, modifications, and alternatives.

In a specific embodiment, the process implants particles
103 through the interface region to form a region of the
particles within the vicinity of the interface region. In a pre-
terred embodiment, implanting can occur through the thick-
ness of material, through the iterface region, and through a
portion of the second substrate. In a specific embodiment, the
particles can be conductive and/or exhibit other characteris-
tics to facilitate electrical coupling between the thickness of
material to the second substrate. Preferably, the particles can
include dopant particles selected from boron, arsenic, phos-
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phorus, and silicon according to a specific embodiment. In a
specific embodiment, the particles can also be silicon (e.g.,
silicon 1ons), germanium (€.g., germanium 10ns), other semi-
conductors, and/or metals, depending upon the embodiment.
In a specific embodiment, the particles can include a concen-
tration of about 10"'® particles/cm’ and greater, or less depend-
ing upon the application. Certain details of the electrical
coupling can be found according to the figure below.

FIG. 2 1s a simplified plot 200 of resistance against implant
depth for a multilayered substrate according to an embodi-
ment of the present mvention. This diagram 1s merely an
example, which should not unduly limit the scope of the
claims herein. One of ordinary skill in the art would recognize
many variations, modifications, and alternatives. As shown,
the vertical axis 201 represents resistivity 201, which 1s plot-
ted against implant depth on the horizontal axis 205. Refer-
ring to FIG. 1, depth 1s measured 1n a z-direction 109 from a
surface region of the bonded substrate structure toward a
center region of the bonded substrate, which 1s normal to the
surface regions, according to a specific embodiment. As
shown, the resistivity includes a peak 209 for a condition
before implanting and a reduced peak 211 for a condition
after implanting according to a specific embodiment. The
reduce peak or substantially continuous conductivity through
the iterface region facilitates electrical coupling and/or con-
ductivity between the thickness of material of the first sub-
strate and a portion of the second substrate according to a
specific embodiment. Other embodiments of the present
invention can be found throughout the present specification
and more particularly below.

In a specific embodiment, the process performs a treatment
ol the bonded substrate structure. The treatment can include
thermal annealing to remove any imperfections in the
implanted interface region according to a specific embodi-
ment. The thermal treatment can be provided by a furnace,
rapid thermal anneal, or any combination of these. The pro-
cess forms integrated circuit elements and devices onto the
thickness of materials according to preferred embodiments.
Of course, one of ordinary skill 1in the art would recognize
many variations, modifications, and alternatives.

In an alternative specific embodiment, the present inven-
tion provides a process for forming multi-layered substrates,
¢.g., silicon on silicon, which 1s outlined below.

1. Provide a first substrate, which has a thickness of mate-
rial to be removed;

2. Join a first face region of the first substrate to a second
face region of a second substrate;

3. Form an interface region between the first face region of
the first substrate and the second face region of the second
substrate;

4. Remove the thickness of material from the first substrate
while maintaining attachment of the first face region of the
first substrate to the second face region of the second sub-
strate;

5. Form a plurality of openings 1n a spatial manner through
the interface region between the first face region of the first
substrate and the second face region of the second substrate;

6. Fill one or more of the openings with a conductive
material to electrically couple the thickness of material to the
second substrate; and

7. Optionally, implant particles into the interface region to
also facilitate electrical coupling between the thickness of
material and the second substrate;

8. Treat bonded substrate structure;

9. Form integrated circuit devices on the thickness of mate-
rial; and

10. Perform other steps, as desired.
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The above sequence of steps provides a method for manu-
facturing substrates according to an embodiment of the
present mnvention. As shown, the method uses a combination
of steps including a way of forming a conductive layer
between bonded substrate regions using conductive plug
regions and optionally an implanting technique. Of course,
other alternatives can also be provided where steps are added,
one or more steps are removed, or one or more steps are
provided 1n a different sequence without departing from the
scope ol the claims herein. Further details of the present
method can be found throughout the present specification and
more particularly below.

FIG. 3 1s a simplified diagram of a multilayered substrate
structure 300 according to an alternative embodiment of the
present invention. This diagram 1s merely an example, which
should not unduly limait the scope of the claims herein. One of
ordinary skill 1n the art would recognize many variations,
modifications, and alternatives. In an alternative specific
embodiment, the present mvention provides a process for
forming multi-layered substrates, e.g., silicon on silicon, ger-
manium on silicon, Group I11I/V materials on substrate struc-
tures. The process includes providing a first substrate, which
has a thickness of material to be removed. The thickness of
material to be removed includes a first face region. In a
specific embodiment, the thickness of material may be sili-
con, germanium, Group I1I/V matenals, and others. Depend-
ing upon the embodiment, a silicon substrate structure has a
major crystallographic plane in the {100} plane, {110} plane,
or {111} plane.

The process includes joining the first face region of the first
substrate to a second face region of a second substrate accord-
ing to a specific embodiment. Depending upon the embodi-
ment, the second substrate can be made of a variety of mate-
rials such as those of the first substrate, as well as others. In a
specific embodiment, the second substrate 1s a silicon mate-
rial that has a major crystallographic plane in the {100} plane,
{110} plane, or {111} plane. Preferably, joining occurs using
a bonding process that may include a cleaning process and/or
plasma activation process to facilitate bonding at lower tem-
peratures. The cleaning process includes plasma activated
cleaning and/or other processing techniques. An example of
such a technique can be found 1n U.S. Pat. No. 6,645,828,
which 1s commonly assigned to Silicon Genesis Corporation,
and hereby 1ncorporated by reference herein. In a preferred
embodiment, the joining process forms an interface region
between the first face region of the first substrate and the
second face region of the second substrate. The process
includes removing the thickness of material from the first
substrate while maintaining attachment of the first face region
of the first substrate to the second face region of the second
substrate. In a preferred embodiment, the method for forming
the bonded substrate structure 1s what 1s know as a “layer
transier” process, such as those described 1n Henley, et al.,
others commonly called Smart-Cut™ by Soitec, SA of
France, and the like. Of course, one of ordinary skill 1n the art
would recognize other variations, modifications, and alterna-
tives.

In a preferred embodiment, the process forms a plurality of
openings 307 1n a spatial manner through the interface region
between the first face region of the first substrate and the
second face region of the second substrate. The process also
f1lls one or more of the openings with a conductive material
305 to electrically couple the thickness of material to the
second substrate. The conductive material can include a
metal, a doped semiconductor material, any combination of
these, and others, including multilayered structures and the
like. The conductive structures can be similar to via struc-
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tures, which are used in conventional devices as interconnects
or like. As shown, the conductive material interconnects the
thickness of material to the second substrate. The conductive
material can be formed within a well structure, as also shown.
The conductive material fills an entirety of the opening to
clectrically and to physically connect the two substrate struc-
tures together. Of course, one of ordinary skill in the art would
recognize many variations, modifications, and alternatives.

In a specific embodiment, the process performs a treatment
of the bonded substrate structure. The treatment can include
thermal annealing to remove any imperfections in the
implanted interface region according to a specific embodi-
ment. The thermal treatment can be provided by a furnace,
rapid thermal anneal, or any combination of these. The pro-
cess forms integrated circuit elements and devices onto the
thickness of materials according to preferred embodiments.
Of course, one of ordinary skill in the art would recognize
many variations, modifications, and alternatives.

In an alternative specific embodiment, the present inven-
tion provides an alternative process for forming multi-layered
substrates, €.g., silicon on silicon, which 1s outlined below.

1. Provide a first substrate, which has a thickness of mate-
rial to be removed;

2. Join a first face region of the first substrate to a second
face region of a second substrate;

3. Form an iterface region between the first face region of
the first substrate and the second face region of the second
substrate;

4. Remove the thickness of material from the first substrate
while maintaining attachment of the first face region of the
first substrate to the second face region of the second sub-
strate;

5. Form a plurality of openings 1n a spatial manner through
the interface region between the first face region of the first
substrate and the second face region of the second substrate;

6. Fi1ll one or more of the openings with a conductive
material to electrically couple the thickness of material to the
second substrate;

7. Optionally, implant particles into the interface region to
also facilitate electrical coupling between the thickness of
material and the second substrate;

8. Remove a portion of the thickness of material using a
portion of the interface region as a stop layer;

9. Selectively remove the portion of the stop layer within
the vicinity of the portion of the interface region to expose an
underlying portion of the second substrate; and

10. Form an epitaxial layer overlying the exposed portion
of the second substrate;

11. Form integrated circuit devices on the thickness of
material and epitaxial layer; and

12. Perform other steps, as desired.

The above sequence of steps provides a method for manu-
facturing substrates according to an embodiment of the
present invention. As shown, the method uses a combination
of steps including a way of forming a conductive layer
between bonded substrate regions using conductive plug
regions, optionally an implanting technique, and forming an
epitaxial layer overlying a portion of the second substrate. Of
course, other alternatives can also be provided where steps are
added, one or more steps are removed, or one or more steps
are provided in a different sequence without departing from
the scope of the claims herein. Further details of the present
method can be found throughout the present specification and
more particularly below.

FIGS. 4 through 6 are simplified diagrams 400 illustrating,
an alternative method for forming a multilayered substrate
structure according to an alternative embodiment of the
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present invention. These diagrams are merely examples,
which should not unduly limait the scope of the claims herein.
One of ordinary skill 1n the art would recognize many varia-
tions, modifications, and alternatives. In an alternative spe-
cific embodiment, the present invention provides an alterna-
tive process for forming multi-layered substrates, e.g., silicon
on silicon, germamium on silicon, Group III/V materials on
substrate structures, silicon germanium on silicon or other
materials, silicon carbide on insulator, GaN multilayered
structures, combination of these, and others. The process
includes providing a first substrate, which has a thickness of
material to be removed. The thickness of material to be
removed includes a first face region. In a specific embodi-
ment, the thickness of material may be silicon, germanium,
Group III/V matenials, and others. Depending upon the
embodiment, a silicon substrate structure has a major crys-
tallographic plane in the {100} plane, {110} plane, or {111}
plane.

The process includes joining the first face region of the first
substrate to a second face region of a second substrate accord-
ing to a specific embodiment. Depending upon the embodi-
ment, the second substrate can be made of a variety of mate-
rials such as those of the first substrate, as well as others. In a
specific embodiment, the second substrate 1s a silicon mate-
rial that has a major crystallographic plane in the {100} plane,
{110} plane, or {111} plane. Preferably, joining occurs using
a bonding process that may include a cleaning process and/or
plasma activation process to facilitate bonding at lower tem-
peratures. The cleaning process includes plasma activated
cleaning and/or other processing techniques. An example of
such a technique can be found in U.S. Pat. No. 6,645,828,
which 1s commonly assigned to Silicon Genesis Corporation,
and hereby incorporated by reference herein. In a preferred
embodiment, the joining process forms an interface region
between the first face region of the first substrate and the
second face region of the second substrate. The process
includes removing the thickness of material from the first
substrate while maintaining attachment of the first face region
of the first substrate to the second face region of the second
substrate. In a preferred embodiment, the method for forming
the bonded substrate structure 1s what 1s know as a “layer
transier” process, such as those described in Henley, et al.,
others commonly called Smart-Cut™ by Soitec, SA of
France, and the like. Of course, one of ordinary skill 1n the art
would recognize other varations, modifications, and alterna-
tives.

In a preferred embodiment, the process forms a plurality of
openings 307 1n a spatial manner through the interface region
between the first face region of the first substrate and the
second face region of the second substrate. The process also
f1lls one or more of the openings with a conductive material
305 to electrically couple the thickness of material to the
second substrate. The conductive material can include a
metal, a doped semiconductor material, any combination of
these, and others, including multilayered structures and the
like. The conductive structures can be similar to via struc-
tures, which are used in conventional devices as interconnects
or like. As shown, the conductive material interconnects the
thickness of material to the second substrate. The conductive
material can be formed within a well structure, as also shown.
The conductive material fills an entirety of the opening to
clectrically and to physically connect the two substrate struc-
tures together. Of course, one of ordinary skill in the art would
recognize many variations, modifications, and alternatives.

Referring to FIG. 4, the method forms a mask structure 401
overlying the thickness of material in the bonded substrate
structure according to a specific embodiment. As shown, the
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thickness of material includes an exposed region 403. The
exposed region can be silicon bearing material, which can be
selectively etched using an etching species. The exposed
region 1s a portion of the thickness of material according to a
specific embodiment. The interface region 405, which 1s often
insulating material (e.g., oxide), can be used as a stop layer
according to a specific embodiment. As shown, a trench
region has been formed within the thickness of material by
removing the portion of the thickness of material according to
a specific embodiment.

The method selectively removes the insulating layer, as
illustrated 1n FIG. 5. The selective removal of the msulating
layer exposes 501 a silicon bearing material, which 1s sub-
stantially free from any imperfections, etc. In a preferred
embodiment, the selective removal occurs using a selective
ctchant including a wet etching species and the like. As
merely an example, fluorine based chemistries such as
hydrofluoric acid (HF), builered hydrofluoric acid (BHF),
builered oxide etch (BOE), and others can be used, depending
upon the application.

The exposed portion of the second
substrate 1s substantially free from any damage due to the
selective removal process, which 1s often a wet etch or can be
a selective dry etching process such as plasma etching and the
like. Reterring to FIG. 6, the method forms an epitaxial layer
601 overlying the exposed second substrate region. The epi-
taxial layer can be a different crystal orientation of silicon
such as {100} as compared to the thickness of material {110}.
The epitaxial layer can be formed using a doping process such
as 1n-situ doping and others. In a specific embodiment, the
epitaxial layer 1s a single crystal silicon structure. As shown,
NMOS devices can be formed on the epitaxial layer, which 1s
s1licon, germanium, or other species, and PMOS devices can
be formed on the thickness of material. Of course, one of
ordinary skill in the art would recognize many variations,
alternatives and modifications.

In a specific embodiment, the process performs a treatment
of the bonded substrate structure. The treatment can include
thermal annealing to remove any imperfections in the
implanted interface region according to a specific embodi-
ment. The thermal treatment can be provided by a furnace,
rapid thermal anneal, or any combination of these. The pro-
cess forms integrated circuit elements and devices onto the
thickness of materials according to preferred embodiments.
Of course, one of ordinary skill 1in the art would recognize
many variations, modifications, and alternatives.

The above sequence of steps provides a method for manu-
facturing substrates according to an embodiment of the
present mnvention. As shown, the method uses a combination
of steps including a way of forming a conductive layer
between bonded substrate regions using conductive plug
regions, optionally an implanting techmque, and forming an
epitaxial layer overlying a portion of the second substrate. Of
course, other alternatives can also be provided where steps are
added, one or more steps are removed, or one or more steps
are provided 1n a different sequence without departing from
the scope of the claims herein.

Although the above has been shown 1n terms of a specific
embodiment, there can be other variations, modifications, and
alternatives. For example, the thickness of material can be a
strained material according to a specific embodiment. That 1s,
the strained material can be bi-axial or uni-axial according to
a specilic embodiment. Additionally, the strained material
can be patterned and/or global according to a specific
embodiment Depending upon the embodiment, the strained
material can be formed using a patterned strain process using,
s1licon germanium in etched regions of source/drain regions
tor MOS devices. In combination or alternatively, the strained
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material can be formed strained techniques described in
“Method and System for Lattice Space Engineering,” in the
names of Francois J. Henley, et al. and listed as PCT Appli-
cation No. PCT/US05/12410 filed Apr. 12, 2005 and “A
Method for Fabricating Semiconductor Devices Using
Strained Silicon Bearing Materials™ in the name of Francois J.
Henley and listed as PCT Application No. PCT/US04/38616
filed Nov. 18, 2004, each of which 1s commonly assigned, and
hereby incorporated by reference. Of course, there can be
other variations, modifications, and alternatives.
It 1s also understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be sug-
gested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims.
What 1s claimed 1s:
1. A process for forming multi-layered substrates, the pro-
Cess comprising:
providing a first substrate, the first substrate comprising a
thickness of material to be removed, the thickness of
material to be removed comprising a first face region;

joining the first face region of the first substrate to a second
face region of a second substrate to form an interface
region between the first face region of the first substrate
and the second face region of the second substrate;

removing the thickness of material from the first substrate
while maintaining attachment of the first face region of
the first substrate to the second face region of the second
substrate; and

implanting particles through the interface region to form a

region of the particles within the vicinity of the interface
region to electrically couple the thickness of material to
the second substrate.

2. The process of claim 1 wherein the particles comprise a
conductive characteristic at the vicinity of the interface
region.

3. The process of claim 1 wherein the particles comprise
dopant particles.

4. The process of claim 3 wherein the dopant particles are
selected from boron, arsenic, or phosphorus.

5. The process of claim 1 wherein the first substrate 1s a
s1licon wafer.

6. The process of claim 5 wherein the silicon water 1s
characterized by a major crystallographic plane in the {100}
plane.

7. The process of claim 5 wherein the silicon wafer 1s
characterized by a major crystallographic plane in the {110}
plane.
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8. The process of claim 5 wherein the silicon wafer 1s
characterized by a major crystallographic plane inthe {111}
plane.

9. The process of claim 1 wherein the region of the particles
has a concentration of about 10'® particles/cm” and greater.

10. The process of claim 1 wherein the joining comprises
bonding the first face to the second face.

11. The process of claim 1 wherein the joining comprises
plasma activated processing at least the first face or the second
face.

12. The process of claim 1 wherein the joining comprises
bonding the first face to the second face using an oxide mate-
rial.

13. The process of claim 1 wherein the interface region 1s
characterized by an 1nsulating material.

14. The process of claim 1 wherein the region of particles
changes the iterface region from an insulating characteristic
to a conductive characteristic.

15. The process of claim 1 wherein the implanting 1s pro-
vided using a high energy implanter.

16. The process of claim 1 wherein the interface region
comprises a silicon dioxide material.

17. The process of claim 1 wherein the implanting forms a
well region 1n the thickness of material and a portion of the
second substrate.

18. The process of claim 1 further comprising forming a
plurality of via structures through the interface region to
clectrically connect the thickness of material to a portion of
the second substrate.

19. The process of claim 1 further comprising implanting
second particles through the thickness of material to form a
well region therein.

20. The process of claim 1 wherein the thickness of mate-
rial 1s 8000 Angstroms and less.

21. The process of claim 1 further comprising thermally
treating the region of the particles.

22. The process of claim 1 further comprising heat treating,
the interface region.

23. The process of claim 1 wherein the implanting of the
particles 1s through the thickness of maternial and the first face
and the second face.

24. The process of claim 1 wherein the particles are char-
acterized by a conductive property to provide electrical con-
nection between the thickness of material and a portion of the
second substrate.

25. The process of claim 1 wherein the particles comprises
a plurality of silicon ions or a plurality of germanium 10ns.
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